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Abstract

This paper describes a new positron source produced udiraginiense short pulse lasers. Al-
though it has been studied in theory since as early as thes]18#0use of lasers as a valuable new
positron source was not demonstrated experimentally igdént years, when the petawatt-class
short pulse lasers were developed[1, 2]. In 2008 and 20G9s@aries of experiments performed
at Lawrence Livermore National Laboratory, a large numbegrasitrons were observed after
shooting a millimeter thick solid gold target. Up tox20' positrons per steradian ejected out
the back of~mm thick gold targets were detected. The targets were ittated with short{1

ps) ultra-intense~1x10%° W/cn?) laser pulses [3]. These positrons are produced predotiynan
by the Bethe-Heitler process, and have fiaaive temperature of 2 — 4 MeV, with the distribu-
tion peaking at 4 — 7 MeV. The angular distribution of the prasis is anisotropic. For a wide
range of applications, this new laser based positron sawitteits unique characteristics may
complements the existing sources using radioactive isstapd accelerators.

Key words. Positrons, Short pulse lasers, 52.38.-r, 52.38.Ph, 52.59.

1. Introduction

Since the invention of the chirped pulse amplification téghe [4] by Strickland and Mourou
at the University of Rochester in the mid 1980s, increasimgunts of laser energy have been
compressed into smaller and smaller pulse lengths, yigldigher peak power and intensity.
Peak laser intensities of about?20Vcm2 are now readily achievable. Succeedingly higher
intensities open up multiple new areas of physics, as ititistl in Fig. 1 [5], including electron-
positron pair creation by the laser pulse.
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When an ultraintense laser beam irradiates a flat solid tiaetgetrons in the target are ac-
celerated to relativistic velocities by the strong elecfiéld of the laser. The electrons quiv-
ering in the electric field of the laser focus region resulainenergy given b = mec?[1 +
(eEo/mewc)?]Y?, whereEy is the amplitude of the laser electric field,the laser frequencg
the electron chargen the electron rest mass, andbeing the velocity of light. For a laser with
intensity of about 1& Wcm?, a characteristic energy of the hot electrons excited inlia so
target is about 4 MeV, which is flicient to create electron-positron pairs when interactiith w
nuclei. In contrast, the direct process of pair creationmuyl&raintense laser is to create pairs by
the vacuum polarization caused by the strong electric fielthese lasers. The threshold laser
intensity for the direct process (which is also known as tttesnger limit) is about 1&Wcm2,
which is beyond the capability of current laser technolbgy,has been observed in intense laser
interactions with a 50 GeV electron beam [6].

There are two primary processes that create positronsghrbot electrons. One is the
Trident process [7], where electrons interact directhhwiticlei and produce pairs. In the Bethe-
Heitler (B-H) process [7], fast electrons make high enengynisstrahlung photons that, in turn,
interact with nuclei to produce electron-positron pairs.

Since first theorized in 1973 [8], the use of ultra-intenseta to generate positrons has
been studied in great detail through theory and modelind.(®,11, 12, 13, 14, 15]. It has
been predicted that for thick high-Z targets, positron gatien by the Bethe-Heitler process [7]
dominates over that from the Trident process [10, 13]. Fortdrgets (less than 30 microns for
solid gold) the reverse is expected [11].

Laser produced MeV positrons open the door to multiple neamaes of antimatter research,
including an understanding of the physics underlying gdtysical phenomena such as black
holes and gamma ray bursts [16, 17], basic pair plasma ghjisic 19], positronium production
and positronium Bose-Einstein condensates [20, 21, 22, 28se research areas often require
large numbers of positrons, which ardfdiult to supply. An additional constraint is that the
positrons annihilate quickly (on a nanosecond timescalgnibrought into contact with matter.
The use of short, ultra-intense, laser pulses represermnsnaiging new approach to produce a
large numbers of positrons, at high densities and on tinkescauch shorter than the annihilation
time. As explained below, further increases in laser posigroduction are anticipated given
technological increases in the available energy, intgmsit repetition rate of short-pulse laser
systems.

The next section describes the basic theory of laser-saf@tadction, electron acceleration
and pair creation. Section 3 discusses the experimentgl.s8ection 4 details positron detection
mechanisms. Sections 5, 6 and 7 characteriferéint aspects of the laser-produced positrons
seen in the data. The last section discusses future work.

2. Basic theory and modeling of laser electron acceleration and pair creation

When an intense laser interacts with a solid target, the &gy is coupled to free electrons
in a coronal plasma that is generated via the laser premitks@cting with the solid near the crit-
ical plasma density. Extensive work has been done in thes[@4& 25, 26]. Simplified electron
acceleration mechanisms occur in three regimes accorditigetcoronal plasma density. Near
the critical plasma densityn§ >10°'cm™3), the majority of the absorbed laser energy goes into
creating energetic electrons due to the ponderomotivenfiate The hot electron temperature
can be estimated using the ponderomotive scaling [27]

Thot ~ 0.511[(1+ 12,/1.37)/2 - 1] (MeV)
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Figure 1: The peak intensity of short pulse lasers reachdleitast 2 decades. Selected physics topics are highlighted
for the related laser intensity region (courtesy of Bill Krys]).



When the plasma density is less than critical and the degségiient (i.e. scale length) is
long in the front of the solid target, another electron aedlon mechanism, the inverse free-
electron laser mechanism becomes important. Computelations by Pukhov et al. (1999)
[28] showed that the resulting hot electron temperaturkrggor this mechanism is about three
times higher than that from ponderomotive scaling,

Thot & 1.5(1/118)%2 (MeV)

The third electron acceleration mechanism that occurs vehlemg (few millimeters), low
density f. <108cm3) plasma is present in front of the target. Known as self-pmasdulated
wakefield acceleration, this is related to the laser wakd &etelerator idea that has been shown
to drive mono-energetic bunches of electrons up to GeV ess&9]. This requires a finely tuned
constant density over mm distances, matched with the lasgg and pulse lengths used to
achieve a well-defined bunch energy. For an inhomogeneauddasity pre-plasma created by
a pre-pulse, there will be a continuum of electron energieging from a few keV to hundreds of
MeV [3]. Self-phase modulated wakefield acceleration wamktongitudinally (along the beam
propagation direction) bunching the electrons into smatidhes, the size of roughly a plasma
wavelength creating a longitudinal oscillating electrigldi consisting of both an accelerating
and de-accelerating phase. Electrons trapped in the aatiete portion of the wave will be
accelerated to some energy, depending on their relatidretptiase of the wave, and how far they
travel, before leaving the wave. In this way, a continuumradrgies is obtained. Although the
number of accelerated electrons by this method is low k&lati the previous two mechanisms,
the energy of individual electrons can be much higher, seatgribution to pair production
cannot be neglected.

For maximum positron production, the key is to maximize tlienber of super hoty( 1
MeV) electrons produced from the laser-target interactiexperimentally, the electron spectra
mimic the ponderomotive scaling (eq. 1) for lower energyetns, as shown in Fig. 2. For
electron energies above about 5 MeV, 2 to 4 times higherrele¢émperatures are found than
that from (eq. 1), suggesting inverse free electron acater (Eq. 2).

Once the hot electron distribution is known, the pair craiin solid targets can be calculated
[9, 10, 11, 12, 13, 14, 15], and thus the positron yield vsrlagensity and target thickness can
be estimated. Using analytical approaches, Mgatl. [15] calculated the positron yield per
kilojoule of hot electrons, as shown in Fig. 3, for variousdaintensities, assuming the hot
electrons were ponderomotively driven as described in Eq. 1

The complexity of laser solid interaction is very challemgto simulate using just one model,
and to do this correctly requires including the electronsfill three acceleration mechanisms.
This is extremely dficult to do analytically, due to the 3-D characteristics ogalistic, nonuni-
form laser beam, and multiple timescales (sub femtoseandrio second), and the uncertainty
of the plasma parameters giving rise to such highly noralimeteractions. One must resort to
modeling to estimate the number and energies of positraduged in a particular experiment.
One can first estimate the underdense plasma scale-lerigthau8-D radiation-hydrodynamics
code such as HYDRA [30] and then use a PIC (Particle-In-@elfle, such as LSP or PSC (both
3-D models), to estimate the number and energy distribuwtfdhe hot electrons produced from
the laser-plasma interaction. LSP is a simulation tool thas macroparticles for both the solid
target and the electrons. It generates the correct numbgogifrons by using cross sections
generated by Monte Carlo electron-photon transport cagesas EGS and the Integrated Tiger
Series code. LSP transports the electrons in self-consistectric and magnetic fields. It will
do a reasonable job at the transport of the relativistictedadoeam through the solid gold. It
self-consistently evolves the gold ions, electrons, poss, and protons that may be present on
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Figure 2: Hot electron energy spectra from various lasergggeon the solid targets measured by the electron spectrom
eters (dots) and their extrapolations (lines).
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Figure 3: Electron-positron pair production rate per kJ aff électrons as a function of laser intensity for the pondero
motive scaling[15] .



Figure 4: Simulated electron-photon-positron shower w2eMeV electrons interact with a gold disk. The laser strikes
from left, electrons (green) lose energy as they interath wold nuclei and emit bremsstrahlung photons (yellow).
Positrons (red) are produced when those photons inter#itigeid nuclei through B-H processes.

the rear and front surfaces of the gold foil [27]. For thickangets ¢ 1 mm) one can take the

electron energy and number generated from PIC codes, teenMsnte Carlo electron-positron-
photon transport code to estimate the number and energtbe giositrons produced and then
compare with experiment. An example is shown in Fig. 4, wizeneonoenergetic group of 25
MeV electrons was injected into solid gold using the EGSmdef43]. The entire spectrum

of electrons with energies ranging from a few keV to 100 MeYhjected into the solid target.

This method does not self-consistently describe electrit magnetic fields that influence the
resulting positron spectrum when large numbers of posstesa produced.

All of the acceleration mechanisms mentioned above are prégent when the laser is
present. The source of the electrons that create the Brexhksig, that in turn create the pairs
exists only as long as the laser pulse is on. Since the esavfihose particles of interest are
relativistic (- 1 MeV) the time positrons are emitted is of order the lases@ldngth as well.

3. Experimental setup

Earlier experiments on positrons using short pulse laserg werformed by Burket al.

[6] at Stanford linear accelerator, by Cowenal. [1] on solid target using the Nova peta-watt
laser [38], and by Gahet al. on a gas jet target using a tabletop laser [2]. These two erpats
demonstrated the ability of intense short laser pulsessatepositrons in laser-solid interactions,
although the numbers of positrons observed from these ienpets were small{10%).

Positron generation experiments were carried out at tlem Tétser at the Jupiter laser facil-
ity [37] at Lawrence Livermore National Laboratory. The sedlength of the short pulse laser
(1054 nm s-polarized) was varied between 0.7 ps to 10 ps, and the laseggwas between 120
Jto 250 J. The pre-pulse to main-pulse intensity contrastess than (better than) 70 An f/3
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Figure 5: A picture of the experimental set up. The locatibriwe spectrometers relative to the laser and target is
marked.

off-axis parabola provides a full-width at half-maximum fospbt of about 8 microns that con-
tains about 60% of the laser energy. The experimental setsipown in Fig. 5. The short pulse
was incident to the targets at an 18 degree angle. Two alespkalibrated electron-positron
spectrometers [32] observed the hot electrons and theosirom the targets with energy cov-
erage from 0.1 — 100 MeV and a resolutiof§E of 10 — 100, much improved from a previous
positron spectrometer from which a hint of positron signaswbserved [33]. The energy cover-
age and resolution are higher than achieved in the previogitrpn energy measurements [1, 2],
where positrons were measured at only one [2] or severajgpaints [1].

The absolute calibration was made using electrons [34]aBse there is little dierence £
2 — 3%) in positron and electron stopping in the detector radsg{40], the electron calibration
is applicable to the positrons. The solid angle for the r@acsometer is 8:210°° steradian
and 4.510°° steradian for the front spectrometer. The targets weresdiskolid gold (Z79),
tantalum (£73), tin (Z=50), copper (Z29), and aluminum (Z13) with 6.4 mm diameter, and
thicknesses ranging from 0.1 to 3.1 mm. Fig. 6 shows one afifyets.

4, Positron detection methods

Positrons can be detected directly or through their charistic annihilation radiation. The
harsh environment of intense short pulse laser experinwhtre intense electromagnetic pulse
(EMP) and radiation [31] are present, makes itidult to use positron annihilation detection
methods. Co-incident single gamma detectors would nottimmavell due to the EMP and
energetic photon fluxes.
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Figure 6: A picture of the gold target after it was shot. Thgeéawas 1 mm thick and 6.4 mm in diameter.

4.1. Direct positron measurement

Nuclear emulsion detectors were used in early laser-pedipositron experiments by Cowan
et al. [1]. While this method is almost single-particle cting, it is labor intensive. In the past
few years, new, direct measurements of energetic elecandgositrons have been pursued,
using either scintillating fibers [33], or image plates [33]. Scintillators combined with photo-
multiplier tubes have been used by Gahn et al. in other las®iticed positron experiments|[2].
The work reported here began using a scintillating fiberyac@upled with fiber front CCDs,
but later switched to image plates. The latter class of spewters are significantly more cost
effective. They are physically compact, easy to use, and EMgitve.

Although a scintillating fiber array coupled to a CCD has ttiesmtage of supporting remote
data acquisition, without the need to break the detectarwa; image plates have multiple ad-
vantages. Image plates allow much higher electron enesgjution than a scintillator array, due
to their smaller pixel size. Image plates are insensitiviiéoEMPs from the ultra-intense laser-
solid interactions, which present a harsh environment fobQisage. Image plates are reusable
and significantly more costffiective. The use of image plates eliminates complex mechhknic
requirements, such as electrical vacuum feedthroughsaoiohg systems, which are needed for
use of CCDs on laser experiments.

Absolute calibrations of the fast electron response of enagtes have been performed [34],
allowing the absolute number of electrons or positrons timfmred experimentally. The elec-
tron, proton and positron spectra are determined by dispees incoming stream of particles
across the image plate detector. The principle of thesegelgparticle spectrometers is illus-
trated in Fig. 7: a magnetic field generated from permanegnets disperses charged particles
according to their kinetic energy. In contrast to electrgmets, permanent magnets do not need
an external power supply that could fegted by intense EMP in the short pulse laser environ-
ment.

Additional considerations in the spectrometer desigruidelradiation shielding and signal
filtering. Proper shielding is important to reduce the baokgd in the detector caused by high-
energy X rays and gamma rays generated in the laser chandganbing on the laser and target
conditions, a single layer of high-Z material, such as tamteor lead, may be dficient for a
laser intensities up to #dWcm2, while for higher laser intensities, one may need a comlzinat
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Figure 7: The principle of magnet electypnositron spectrometers used in our research.

of high-Z material (tantalum or lead) with medium-Z coppadaluminum to block the MeV
photons and ions. In the work reported here, a considerabiease, by a factor of up to 100,
in the signal-to-background ratio was achieved by emplpyire appropriate shielding for high
intensity laser-solid interaction. Filters in front of tihreage plates can provide particle energy
calibration (via stopping edges), and may provide simpéeritnination among electrons and
photons, or positrons, protons and other ions. For exarmyladding a thin (2@ m) layer of
polypropylene, one can stop proton and ions at energy rasgdtan 1 MeV.

4.2. Positron measurement through annihilation photonsat 0.511 MeV

To obtain an energy spectrum of the photons from the targktdimg the annihilation gamma
radiation at about 0.5 MeV, a simple detection scheme is @yapl [35], using a stepwedge filter
consisting of slabs of Pb of thicknesses of 0.5, 1.0, 2.Q,&h@ 8.0 mm, as shown in Fig. 8(a).
While the energy resolution of this setup is limited, it does sufer from EMP and does not
have pile-up issues, in contrast to electronic solid detsuch as Ge detectors or thick AmTec
detectors. The combination of the step-wedge filter trassiom and the image plate sensitivity
provides a low-resolution energy spectrum. Under the apomthat the functional shape of
the photon emission is known (such as one or two Maxwelliatridutions), the x-ray spectrum
can be retrieved by a best fit of the exposure values relatitieet diferent filter thicknesses in
the step-wedge filter. Assuming the emission to be domiratdmtemsstrahlung, the conversion
efficiency (CE) of laser energy into the energy of continuum seioisin specific energy bands
is calculated by integrating the derived spectra over tigéoreof interest. The sensitivity of
the imaging plate recording the step-wedge filter radiognaps simulated using the EGSnrc
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Figure 8: The principle of step filter spectrometer for higlergy bremmstrahlung measurement.

Monte Carlo code. An example of the fitting procedure is shawhig. 8(b). If the 0.5 MeV
annihilation radiation is substantial, one would expectée an increase of photon flux in the
region of annihilation energy.

5. Positron energy spectrum

Positron signals from short pulse irradiated Au and Ta targee observed once the thickness
exceeded 250 microns. Figure 9 shows the raw data image famra Au target and the lineout
through the signal and background.

The background seen in these data is mainly caused by higlighephotons passing through
the housing of the spectrometer into the detector. Thostopkanay come directly from the tar-
get and from secondary radiation around the target charmiherbackground evenly illuminates
the detector beyond the slit and is easily subtracted fransignal, which comes only from the
collimator and slit of the spectrometer. The signal wasfiegtito be from positrons using meth-
ods such as: flierentiating particles using mass stopping by adding pldsiis, and shooting
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Figure 9: Raw positron data image and lineouts. This shat aseps pulse with 126 J of laser energy. The laser intensity
was about 6<10* W/cr2. The target thickness was 1 mm.

lower-Z targets (including Al, Cu, and Sn) with the same tasnditions as for the Au targets.
The spectra from these targets are shown in Fig. 10. Whil&dhelectron production for the
lower-Z targets was similar to that from Au, there was no fpogisignal above the background.
The absence of signal was consistent with thes@aling of the B-H positron yield, which im-
plies more than an order of magnitude fewer positrons indhei-Z targets [13]. For thinner
(0.1 to 0.25 mm) Au targets, positrons were not observedatie/background. This is because
fewer pairs are produced from thinner targets [13] due tad¢keced interaction range between
photons and electrons with Au nuclei. Thinner targets haweerhigh-energy photon yield [38],
which contributes to a higher background and a higher posdetection threshold.

The yield of positrons was determined by scaling the pasitto the number of hot electrons
that were detected. The electron spectrum from the frordtsmmeter is similar to that of the
rear spectrometer. The detection limit is aboutl@®/MeV/sr for the rear spectrometer and
about Z107/MeV/sr for the front spectrometer. The higher energy section45 MeV) of the
electron spectrum is more relevant to positron creationhatla temperature (derived from the
slope of the energy spectrum) of 484 MeV and an electron number of abowtID'Y/sr. The
positron numbers are about ¥B0'%sr from the rear spectrometer and1®?/sr from the front
spectrometer. The peaks of both positron spectra are at 8ddaV, and the fective positron
temperature is 2:80.3 MeV. This first experimental positron temperature mezrsent enabled
the electron and positron temperatures to be compared: ¢asured positron temperature was
found to be approximately half that of th&ective electron temperature.

6. Positron angular distribution

A strong anisotropy in the angular positron emission waeonkesi from the rear and front
of the target. Fig. 11 shows the positron spectra from batHriimt and rear spectrometers for a
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Figure 10: Positron spectra of targets of Au (three uppeesn Sn (green) and Cu (purple) from experiments - no
positrons were detected for Cu and Sn targets. The insetewrddctron spectra for the same shots (same color scheme).
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Figure 11: Positron spectra from back (upper trace) and {tower trace) of the target.

126 J, 2 ps short-pulse shot. It was found that the numbersifrpas ejected near the normal to
the rear of the target is more than 10 times the number morguay observed from the front
of the target on a given shot. This is the first observationmohmisotropic distribution of the
laser-generated positrons.

The positron distribution around the target was furthersnead, and as shown in Fig. 12, the
peak of the positron numbers appears near the laser axig hatk of the target. This feature
may be significant if a future laboratory astrophysical ekpent is designed to simulate the
astrophysical electron positron jets [15].

While the inferred hot electron numbers for the Nova petaemgberiment [1] were similar
to that measured in this experiment, more than two ordersagfinitude more positrons were ob-
served from the rear of the target in the present experirhantin the Nova petawatt experiment.
In the Nova experiment the positrons were measured at thef#ze target, 30 degrees from the
laser axis [1]. The dference may be due to the preformed plasma conditions, tinigkhess
(~1 mm on Titan versus 0.125 mm on Nova PW), and possibly a stibrajobservation angle
used on Nova.

7. DataModeling

Calculations using the measured hot electron temperatitihetine given target parameters
show that the MeV x-ray bremsstrahlung photons (BH procdss)inate the positron produc-
tion within thick targets [3]. The ratio of positrons genteby the BH versus Trident processes
is Ngn/NTrigent ~ 400 for 1 mm thick Au (compared to about 4 for a 0.1 mm Au tajg&he
positron temperature can be estimated from a simple forn‘N@a/dEmsz f(E)ogu(E,Ee)dE,
where f(E) is the bremsstrahlung photon energy distribution, @pg is the positron creation
differential cross section [7]. Approximating the bremsstrapltemperature to be that of the
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Figure 12: Polar plot of positron numbers (solid circlesyaious positions around the target. The peak appears at the
back of the target near laser axis.
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Figure 13: Energy spectra of electrons (red crosses) anittqres (blue solid squares) from experiments and EGS
modeling (empty squares).

measured hot electrons, afiextive temperature for the positrons of about half that efdlec-
trons is obtained, as shown in Fig. 13. This is consisterit thi¢ experimental data.

The positron spectrum obtained from the above calculasofoi all positrons generated
inside the target. To model the emergent positron spectttiat heasured by the spectrometer),
one has to fold in the positron transport inside the targdiis Was accomplished by a Monte
Carlo code EGSnrc [43]. This code includes only BH pair paditun and is well suited for our
thick target experiments. In addition to calculating theifron generation, it self-consistently
treats the attenuatiorifects of the electrons, photons, and positrons as they patptgough a
cold solid target. The measured hot electron temperatunersin Fig. 13 is used as the starting
distribution of hot electrons. The positron spectra owdshe target were modeled at the same
angular positions relative to the target as in the experinfére simulated positron spectra agree
not only with the positron temperature (slope of the sp&gjrseen in the experiment, but also
with the relative positron number. It is noted that the pebfasitrons from the simulation is
at about 2 MeV (as in a previous prediction [13]), rather thathe measured6 MeV. This
discrepancy may be due to the fact that neither the anatytiadla nor EGS simulations include
plasma €fects. A sheath electric field is expected to accelerate thigrjpms leaving the target,
similar to the target normal sheath acceleration field {giy of order of several MeV) for
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Figure 14: Positron yield per hot electron as a function oftanget thickness. The short-pulse duration was 0.7 ps for
all data points. The laser intensities were from 1.5 =162° W/cn?, hot electron temperature from 5.5 — 7 MeV.

protons [27, 45]. This is supported by the fact that protoith energies of 1 — 4 MeV were
observed at the rear of the target for the shot shown in FigariBthe same sheath field that
accelerates the protons would influence the front and resitrpo spectra.

The yield of positrons increases as a function of hot elactemperature for a given tar-
get thickness, as theoretically predicted[13]. The yidlgasitrons also increases as a function
of target thickness, as shown Fig. 14. Theoretically, thoeease of positron yield with target
thickness has been shown for thinner targets by Nakashichdakabe [13]. For a thick target
(2 mm lead), Gahet al. [44] calculated that for an electron kinetic energy abovelb-MeV,
the positron yield is between@0~2 and 4<1072, comparable to our measured yield of about
2x1072. Figure 14 shows the results from the analytical model anuiksition using EGS for
these experimental conditions. In the analytic model, ib&lywvas estimated using the BH pair
creation process combined with positron and electron adton inside the target, indicating
that the positron yield per hot electron detected increasewrget thickness, until the target
thickness is greater than about 5 — 6 mm. Although there isnargé qualitative agreement
between theorynodeling and experiments, both the analytic model and th® &i@Gulation un-
derestimate the positron yield for thickness less than 1 mhis difference may again be due
to differences in angular distributions of positrons versus mlastand complex plasmdrects,
such as electrgpositron transport and the electromagnetic field, lackmthe theory and EGS
modeling.

8. Futurework

The positron data corresponds te1D'° observed positrorisr for about 120 J laser energy
for 1 mm target. From the EGS simulations, at least a factdOahore positrons are expected
to be trapped inside the target. Given the bremsstrahluntppltand target interaction volume,
which are determined from the simulation to be approxiny2gtl0-> cm?, the positron density
in the target is estimated to be about1D'® positrongcm?, albeit in the presence of gold atoms
at solid density. If all of the positrons are created in theeorof ~ps, then the rate of positron

16



production is of the order of2L0?%/s/sr. In the future, as high energy (100's of Joules), high rep-
etition rate £10 Hz) short pulse laser sources become available, thege/pasitron production
rate could approach 1s/sr, which is comparable to existing positron sources [39].

There are plans to pursue the laser produced positron obskaither, using newly available
petawatt class laser facilities. The OMEGA EP laser[46¢ntly started operation at Rochester
University, and the Texas Petawatt laser, at the Univeddifiexas (Austin) has completed con-
struction. OMEGA EP has over an order of magnitude more ghase laser energy than the
Titan laser. Since the number of positrons scales with gnd@times more positrons might
be expected from a kJ class short pulse laser like OMEGA EPggan higher numbers with
more energetic lasers such as NIF-ARC [47]. It might even dssible to make, in the labo-
ratory, miniature Gamma-ray bursts using the unique chariatics of laser produced electrons
and positrons. These would not only be the first set of expeEntathat generate and characterize
relativistic pair plasmas, but they might also help to mmalinany of the new, exciting applica-
tions mentioned above, including confirming the existerfca wovel astrophysical mechanism
theorized to be the cause of gamma ray bursts.
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